Questions: Disturbances can cause fluctuations in resource availability that influence plant performance. In systems with such dynamics, inter-specific differences in resource capture may promote co-existence by partitioning competition between periods of high or low resource availability. Such differences in resource use strategy have been described with the Plant Economics Spectrum, which hypothesizes that functions related to resource use and processing should co-vary and can be predicted from plant traits. In pyrogenic systems, fires are associated with short-term increases in soil nitrogen availability ("pulses"), and thus contribute to a fluctuating resource supply. In this study, we sought to understand whether plants differed in their capacity to capture a nitrogen pulse, and to what extent that ability influenced biomass recovery.
distribution profiles may indicate that species are accessing spatially independent resource pools (Gebauer & Ehleringer, 2000; Paula & Pausas, 2011) . Some co-varying traits (trait syndromes) have been shown to link functions of resource acquisition and processing (Wright et al., 2004) . For example, plants with leaf traits that promote rapid resource capture under high resource availability (i.e., resource acquisitive traits: high leaf nitrogen (N) content, low leaf mass per area, and high specific leaf area; Díaz et al., 2016; Reich, 2014) also exhibit high photosynthesis rates. Conversely, plants with traits which promote more efficient resource capture (resource conservative traits) should show higher performance under low resource availability relative to plants with resource acquisitive traits.
Although most commonly tested at the leaf level, trait syndromes are hypothesized to co-vary across plant organs (e.g., leaves, wood, roots) in what is known as the Plant Economics Spectrum (PES; Reich, 2014) . However, mixed evidence exists for extrapolating these syndromes from leaves to roots (Bergmann, Ryo, Prati, Hempel, & Rillig, 2017; Orwin et al., 2010; Roumet, Urcelay, & Díaz, 2006) perhaps because organ functionality, lifespan, and environment all fundamentally differ above-and below-ground (Mommer & Weemstra, 2012) . Additionally, the extent to which phylogeny or environment drives leaf and root trait differences remains under debate (Valverde-Barrantes, Freschet, Roumet, & Blackwood, 2017) .
Nevertheless, when resource competition occurs below-ground, measures of root traits may provide a more direct assessment of resource use strategy than leaf traits.
In this study, we sought to examine relationships among leaf and root traits, resource acquisition (N uptake), and resource processing (biomass resprouting after disturbance). We did so using woody species from a longleaf pine forest, an ecosystem which experiences regular fire-driven resource fluctuations. This habitat is typically Nlimited (Wilson, Mitchell, Hendricks, & Boring, 1999) but frequent low-intensity fires elevate soil inorganic N concentrations (Ficken & Wright, 2017) . The fires, like other forms of disturbance (e.g., wind throw, herbivory) reduce above-ground competition for space and light by removing biomass, but do not kill the plants. Instead, individuals experience a pulse of high N availability as they are resprouting.
We sought to understand whether the ability of plants to capture this resource contributed to resprouting success (Moreira, Tormo, & Pausas, 2012) . We ask: (a) Do co-occurring species differ in N uptake under low and high N availability? (b) Which plant traits are associated with N uptake under low and high N availability? (c) Does N uptake influence relative biomass regrowth after disturbance (clipping to simulate above-ground biomass loss from fire); and (d) Which plant traits are associated with biomass regrowth? To address these questions, we performed two consecutive greenhouse experiments.
In the first experiment, we compared the N uptake patterns for four co-occurring species and identified one resource acquisitive and one resource conservative focal species. In the second experiment, we compared the biomass regrowth of each focal species when grown with a conspecific (i.e., the same N uptake strategy) or heterospecific (i.e., the contrasting N uptake strategy), and when exposed to high or low N supplies. In an extension of documented leaf-level relationships between resource acquisition and resource processing, we expected N uptake to be positively related to biomass regrowth.
We expected the resource acquisitive focal species to have higher resprouting under high N availability relative to the resource conservative species, and the resource conservative species to have higher resprouting under low N availability relative to the resource acquisitive species. When the resource use strategy of the focal species matched the resource supply, we expected higher resprouting when the focal species was paired with heterospecific than a conspecific.
Finally, we expected both functions (N uptake, biomass regrowth) to be positively associated with resource acquisitive traits.
| MATERIAL S AND ME THODS
2.1 | Experiment 1: N uptake
| Propagation
To compare the ability of different species to take up elevated nitrogen, we propagated four co-occurring species (Ilex glabra, Lyonia lucida, Pinus palustris, and Vaccinium formosum) common to longleaf pine (P. palustris) forest understories. Ilex glabra forms associations with arbuscular mycorrhizal fungi, L. lucida and V. formsoum form associations with ericoid mycorrhizal fungi, and P. palustris forms associations with ectomycorrhizal fungi. These species were chosen because they are all common resprouting species from this | 67 
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| 15 N fertilization treatments
Five individuals of each species were assigned either into a low or high N fertilization treatment group. Ilex glabra, L. lucida, and V. formosum individuals were all ~50 cm tall at the onset of fertilization; P. palustris individuals were in the grass stage. Low and high N fertilization levels were based on field measures of soil inorganic N concentration before and after a fire-induced pulse of inorganic N. Field measures of background soil inorganic N were ~5 μg N/g of dry soil (gds); field measures of inorganic N up to one week following fire were approximately 20 μg N/gds (Ficken & Wright, 2017 soil at the base of the plant and allowed it to drain through.
| Sample collection and trait measurements
We collected leaf samples immediately before tracer application and at 0. 25, 0.5, 1, 2, 3, 4, 6, 8, 10 we expected to influence a plant's foraging capacity, in part based on root morphology and the physiology of nitrogen uptake transporters (Craine & Dybzinski, 2013; Hawkesford et al., 2012) . The day after clipping, we applied one of three N fertilization treatments to each pot. Pots either received control (water only), press fertilization, or pulse fertilization. Pots were watered every week over a two-month period, for a total of 10 applications. Pots in the control treatment received water only with each application.
| Experiment
Pots in the press fertilization treatment received N fertilization with every watering; pots in the pulse fertilization treatment received one N fertilization application with the first watering, followed by water only. Pots in the press treatment received 0.023 g N in 1 L of water each week for 10 weeks; pots in the pulse treatment received 0.230 g N/L in the first week, followed by nine weeks of water only.
Pots in the press and pulse treatment therefore received the same mass of N delivered either all at once (i.e., as a pulse) or slowly over the full experimental period (i.e., as a press). We included two levels of high N availability to detect any potential differences in response to overall N availability (press and pulse vs control) vs N supply rate (press vs pulse). In other words, we wanted to assess whether plants were responding to a pulse and a press of N in fundamentally different or similar ways. Pots were watered in between fertilization treatments as needed, but never within two days of fertilizer application.
| Sample collection and trait measurements
We re-harvested above-and below-ground biomass of all individuals one week after the final fertilization treatment, that is after 12 weeks of regrowth. Above-ground biomass was dried at 70°C
for at least 10 days, and weighed. Immediately after harvesting, we carefully washed root systems of soil, scanned root subsamples on an Epson Expression scanner, and analyzed root traits using
WinRhizo software (Regent Instruments). Subsamples included all coarse and fine roots of one root axis. We recorded the fresh weight of root subsamples and recorded root length and the number of root tips for all roots. We calculated the RS and RTD. In addition, we calculated specific root length (SRL; cm/g) of the full root subsample.
Calculating SRL from the full root subsample allowed us to consider how full root systems, not just fine roots (Craine & Dybzinski, 2013; Kramer-Walter et al., 2016) , contributed to biomass resprouting.
We included this additional trait because resprouting capacity may be contingent upon below-ground carbon reserves. After scanning, root subsamples and bulk root systems were dried at 70°C for 10 days and weighed.
| Statistical analyses
| Experiment 1
To compare plants across multiple traits, we performed a principal components analysis (PCA) with the prcomp function in the stats package in R (R Development Core Team 2011) on root traits (RTD, proportion of fine roots, root tips, RS) as well as above-ground and below-ground biomass and initial leaf %N. In order to test for multivariate trait differences among species and between fertilization treatments, we performed PERMANOVA tests on species BrayCurtis dissimilarities with the adonis function in the vegan package in R (Oksanen et al., 2018) .
We estimated uptake rate and cumulative 15 N assimilated by day 10 by fitting linear (low 15 N) and logistic (high 15 N) models to the 15 N assimilation time series for each individual with the nlsList function within the nlme package (Pinheiro, Bates, DebRoy, & Sarkar, 2018) in R (R Development Core Team 2011). We fit linear models to low 15 N uptake data because logistic curves could not be fit given the linear shape of the 15 N assimilation time series. Ten days of uptake was chosen to approximate the duration of the N pulse observed in field studies. Assimilation of 15 N in the high 15 N treatment was
where A is the upper asymptote, k is the rate parameter, and t 0 is the midpoint. The maximum uptake rate occurs when x = t 0 and is given by Ak/4. Anticipating that species may differ in how quickly they can upregulate the production of N uptake transporter proteins (Hawkesford et al., 2012) , and thus may differ in how quickly they can ramp up N assimilation rate, we modeled our high uptake data with a three-parameter logistic curve, rather than a Michaelis-Menten curve. We tested for significant differences between species with ANOVA tests in R.
Using the lm function in the base R package, we examined the relationship between traits (RS, root tips, leaf %N, proportion of fine roots) and the mass of 15 N assimilated by day 10. We regressed each trait independently against the cumulative mass of 15 N assimilated by day 10 and chose best models with AIC. We first examined the trait-uptake relationships for all plants, and then the high and low N treatments separately.
| Experiment 2
We compared the initial above-ground biomass of each focal species in each species-neighbor pair using an ANOVA test. To assess the role of competitive environment on biomass regrowth, we compared the mass of above-ground regrowth across species-neighbor pairs with ANOVA tests. Hereafter, we refer to "Species" as the focal species in the pair (I. glabra or V. formosum); we refer to "Neighbor" Species' assimilation curves differed substantially between low and high N conditions, and between species (Figures 2a and 2c) .
Across all species, plants assimilated significantly more N by day 10 when exposed to high vs low N availability (F = 12.21, p = 0.001).
Under low N availability, species did not differ in the mass of N as- Based on N uptake patterns under high and low N availability, as well as leaf %N, we classified I. glabra as a resource acquisitive species, and V. formosum as a resource conservative species. That these two species exhibited the most divergent N uptake patterns was particularly interesting considering that they overlapped substantially in trait space (Figure 1 ; Appendix S1).
| Experiment 2: Biomass regrowth
Ilex glabra grown with a conspecific neighbor had lower initial bio- and higher RTD (R 2 = 0.13; p < 0.001) resprouted more biomass, but these models had little explanatory power compared to belowground biomass (Figure 6 ). This suggests that resprouting capacity was likely limited by root system size in these pots, or that the root traits we measured were relatively poor predictors of resprouting capacity. Our results suggest that resprouting is a function more strongly determined by below-ground resource reserves than the capture of new resources.
| D ISCUSS I ON
Young understory species from a longleaf pine forest differed significantly in their capacity to assimilate N when it was elevated in concentration and they exhibited qualitatively different assimilation patterns under low N supply (Figure 2 ). These findings suggest that N uptake during pulse vs inter-pulse periods may constitute contrasting resource use strategies exhibited by species in this system. More studies are needed to determine the implications of these findings. For example, in this study, we found no evidence to support the hypothesis that this temporal N partitioning influenced a plant's short-term resprouting response to disturbance.
That is, seasonal biomass regrowth of our young focal plants after clipping did not differ across N fertilization treatments and was unrelated to the relative complementarity between resource use strategy and N supply. Furthermore, while N uptake was related to traits associated with rapid resource acquisition and processing, biomass regrowth was related to conservative traits after accounting for below-ground biomass, although even then, root traits had little explanatory power. Given the inconsistency of evidence linking root traits to resource use strategies Roumet et al., 2006; Valverde-Barrantes et al., 2017) , substantial work is needed to understand how root traits correspond to syndromes of conservative and acquisitive resource use. Still, these findings suggest either that root traits are poor analogs for leaf traits when predicting resource processing, or that biomass resprouting is fundamentally different than other resource processing functions (e.g., photosynthesis). Our results also emphasize the limitations of linking resource use and plant function concepts in frequently disturbed or pulse-drive systems. 
| Root trait-function relationships and the PES
We tested whether N uptake and biomass regrowth functions were both indicative of an acquisitive resource use strategy and whether the two functions could be explained by root traits, as expected based on the PES. We therefore examined whether the trait syndromes indicative of rapid or conservative resource capture and processing at the leaf level could be generalized to a frequently disturbed system, and also whether observed leaf trait-function relationships could be extrapolated to root traits. Leaf N content was positively correlated with N capture, supporting our hypothesis that plants with acquisitive traits will be highly responsive to ephemeral, labile nutrients (Laliberté, 2016; Reich, 2014) . However, root traits exerted only a secondary influence on N capture by modifying the relationship between leaf %N and N capture. This suggests that the relationships between leaf traits and plant functioning cannot necessarily be applied to root traits, but that root traits may help to explain functional differences among species with similar leaf traits.
Our results are in agreement with those of de Vries and Bardgett (2016) , who also found that species-level root traits were poor predictors of N uptake in herbaceous communities after root biomass and leaf-level traits were accounted for. Our results also correspond with those of Bergmann et al. (2017) , who found that root traits are not inter-changeable with leaf traits. However, the relationships between leaf and root traits likely differ depending on which traits are considered, and some studies have found that some root traits correspond well to leaf traits (i.e., root N content; Laughlin, Leppert, Moore, & Sieg, 2010) .
Traits that promote a rapid uptake of an ephemeral resource may confer a competitive advantage if the uptake of that resource influences plant performance. However we found not only that N uptake was unrelated to biomass regrowth, but also that root traits were poor predictors of biomass regrowth. Instead, below-ground biomass was the strongest predictor of resprouting. This contradicts both our hypotheses that nutrient acquisition would be related to plant performance after disturbance, and that root traits indicative of resource acquisitive life history strategies would be positively correlated with biomass regrowth. Importantly, however, our ability to detect different performance responses in our focal species -both shrubs -is likely limited by their relative trait similarity compared to the full global spectrum (Díaz et al., 2016; Ma et al., 2018) . Furthermore, we speculate that pot or age constraints of new resources (Bilbrough & Caldwell, 1997 Additional studies of the relationship between plant traits and biomass resprouting are needed to confirm these results.
| Resource use strategy and productivity
We tested whether contrasting temporal N partitioning influenced biomass recovery following disturbance. We expected that the amount of biomass regrowth would depend upon the relative matching of a species' resource use strategy to the resource supply. For example, based on predictions from the PES, we expected the resource conservative species to regrow relatively more biomass than the acquisitive species under low N availability; and we expected the converse pattern under high N availability. When the resource use strategy of the focal species matched the environment, we expected enhanced growth when it was paired with a heterospecific (i.e., a poor competitor for the given resource supply). Although we found evidence of inter-specific differences in resource capture between high and low N availability in Experiment 1 -i.e., temporal N partitioning -we also found that resprouting was unaffected by apparent inter-specific preferences, and unaffected by N supply. Under low N availability only, we found that both species regrew more biomass when paired with a heterospecific rather than with a conspecific, regardless of N use strategy. This may suggest that species differed in some aspect of their resource acquisition strategies (e.g., the spatiotemporal extent of resource capture), which allowed them to more thoroughly use the available resources (Cardinale et al., 2011; Hooper & Vitousek, 1998; Hooper et al., 2005) . That these patterns were eliminated under both high N treatments (press and pulse)
suggests that any limitation in biomass regrowth due to N availability may have been eliminated in our press and pulse treatments.
However, it is important to note that biomass production did not increase in the press and pulse N treatments, as we would expect if resource limitation was alleviated. Our findings therefore challenge the expectation that productivity of these species is limited by N availability at all phenological stages. As this work involved the study of only two young focal species recovering after disturbance for a short period of time, additional studies are needed to conclusively test the links between nutrient acquisition and competitive ability after disturbance in the long term.
To provide insight into the physiology underlying patterns of N uptake and biomass regrowth, we wanted to assess the extent to which these functions were correlated with traits associated with acquisitive or conservative resource use (sensu Reich, 2014) .
In accordance with the PES, which predicts that plant resource capture and processing should co-vary, we expected N uptake and biomass regrowth to be positively associated, and both to be positively correlated with resource-acquisitive root traits. In support of the PES and in agreement with previous research (Díaz et al., 2016; Reich, 2014) , N uptake was positively correlated with leaf %N (Figure 3) . This supports the hypothesis that leaf traits can be used to compare the resource use strategies of plants. However, root traits were weak predictors of N uptake, and were not correlated with leaf %N, challenging the assumption that roots and leaves should show coordinated responses to resource availability (Ma et al., 2018) .
In contrast to our hypothesis that resource capture (N uptake) and resource processing (biomass regrowth) would be positively correlated, we found N uptake strategy did not confer a term than N uptake of larger, infrequent pulses (Grover, 2011) .
For example, ephemerally elevated N may occur when precipitation alleviates microbial substrate limitation (James & Richards, 2006) and in response to localized animal excretions (Cech, Olde Venterink, & Edwards, 2010; Christenson, Mitchell, Groffman, & Lovett, 2010) . Additionally, our results suggest that productivity of these species may not be limited by the availability of N at the sapling stage when they are resprouting after disturbance, though N is largely thought to limit primary productivity across temperate forests (LeBauer & Treseder, 2008) . These findings emphasize the need for a more nuanced definition of plant performance in trait-based ecology, and suggest that relationships between plant traits, resource acquisition, and plant functioning should be cautiously applied to frequently disturbed systems.
| CON CLUS IONS
Our findings suggest that the relationships between resource acquisition and processing hypothesized in the plant economics spectrum cannot be extended to biomass resprouting after disturbance.
Although traits indicative of acquisitive resource use strategy allowed greater uptake of a pulse of N, this did not confer a competitive advantage during resprouting. Instead, our results suggest that resprouting capacity is largely due to below-ground resource stores, which may themselves be correlated with root traits indicative of a conservative resource use strategy. This work highlights the need for rigorous independent tests of the links between below-ground traits and plant functioning, as well as tests evaluating how multiple plant organs and functions respond to different environmental drivers. This work suggests that the relationship between resource
